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$(\square +1)u(t, x)=F(u(t, X),$ $Du(t, x))$ , $(t, x)\in(\mathrm{O}, \infty)\cross \mathrm{R}^{n}$ ,
$u(\mathrm{O}, x)=\epsilon f(x),$ $u_{t}(0, x)=\epsilon g(x.)$ , $x\in \mathrm{R}^{n}$ .
, $\square =\partial_{t}^{2}-\sum_{j=1}^{n}\partial_{x_{\mathrm{j}}}^{2},$ $Du=$ . $(\partial tu,$ $\partial_{x_{1}}u,$ $\cdots,$ $\partial_{x_{n}}u)$ , $F=$
$F(u, q)$ $(u, q)\in \mathrm{R}\cross \mathrm{R}^{n+1}$ , $(u, q)=0$
$F(u, q)=O(|u|\lambda|q|+)\lambda$
$(\lambda=2,3, \cdots)$ . $\epsilon(>0)$ ,
$f,$ $g\in C_{0}^{\infty}(\mathrm{R}n)$ .
$n\geq 2,$ $\lambda\geq 2$ , $f,$ $g\in C_{0}^{\infty},(\mathrm{R}^{n})$ ,
$\epsilon_{0}(>0)$ , $\epsilon\leq\epsilon_{0}$ (1.1), – C\infty ( )
$*$ :
969 1996 168-177 168
(Klainerman-Ponce [11], Shatah
[15] $(n\geq 5)$ , Klainerman [9], Shatah [16] $(n–3,4)$ , Simon – Taflin
[17], $\mathrm{O}\mathrm{z}\mathrm{a}\mathrm{W}\mathrm{a}-\mathrm{T}\mathrm{s}\mathrm{u}\mathrm{t}\mathrm{a}\mathrm{y}\mathrm{a}-\mathrm{T}\mathrm{s}\mathrm{u}\mathrm{t}_{\mathrm{S}}\mathrm{u}\mathrm{m}\mathrm{i}[14](n=2);n=2$
Georgiev–Popivanov [3], Kosecki [12] ).
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$(\partial_{t}^{2}-\partial_{x}^{2}+1)u=F(u, u_{t,x}u)$ , $(t, x)\in(\mathrm{O}, \infty)\cross \mathrm{R}$
$u(\mathrm{O}, x)=\epsilon f(x),$ $u_{t}(0, x)=\epsilon g(x)$ , $x\in \mathrm{R}$
. ( $u,$ $q_{1},$ $q_{2}\mathrm{I}=0$ $F(u, q1, q2)=$
$O(|u|^{\lambda}+|q_{1}|^{\lambda}+|q_{2}|^{\lambda})$ . [11], [15] $\lambda\geq 4$ $+$
$\epsilon$ $(1.2)_{\epsilon}$ C\infty





). , $F$ 3
. Yagi ([18])
, Moriyama ([13]) , [16]
,









. , Kosecki [12] .
1.1. $(1.2)_{\epsilon}$ , $F$
:
$F=c_{1}(-u^{2}+3u_{tx}-23u^{2})+(c_{2}ut+C3u_{x})(-3u^{2}+u_{tx}^{2}-u)2+H(u, ut, u_{x})$,
$c_{1},$ $c_{2},$ $c_{3}\in \mathrm{R}$ , $(u, q_{1} , q_{2})=0$
$H(u,q_{1},q2)=o(|u|^{4}+|q1|^{4}+|q2|^{4})$
. $f,$ $g\in C_{0}^{\infty}(\mathrm{R})$ , $\epsilon$
, $\epsilon\leq\epsilon_{0}$ , $(1.2)_{\epsilon}$ $u\in C^{\infty}([0, \infty)\cross \mathrm{R})$
.
. (i) $u$ $(\square +1)u)=0$ $uf$
,











$Z_{1}=x\partial_{t}+t\partial_{x},$ $Z_{2}=\partial_{t},$ $Z_{3}=\partial_{x}$ . $[\square +1, Z_{k}]=0$
$(k=1,2,3)$ . multi-index $\alpha=(\alpha_{1}, \alpha_{2}, \alpha_{3})$ $Z^{\alpha}=$
$Z_{1}^{\alpha_{1}}Z^{\alpha_{2}}2Z_{3^{3}}^{\alpha}$ . ,
(2.1) $|w(t,x)|_{k}$ $=$ $\sum|(Z^{\alpha}w)(t,x)|$ ,
|\alpha |\leq
(2.2) $||w(t,x)||_{k_{P}}$, $=$ $|||w(t, \cdot)|_{k}||_{L^{p}(\mathrm{R}})’ 1\leq p\leq\infty$
.
, $u$ $(1.2)_{\epsilon}$ $0\leq t<T$ .
$0\leq t<T$
(2.3) $e_{\epsilon}(t)$ $=$ $\sup_{x\in \mathrm{R}}(1+t+|x|)1/2|u(t, X)|_{k+1}$
$+(1+t)-\mu\{||u(t, \cdot)||2\text{ },2+||Du(t, \cdot)||2k,2\}$
. $Du=(u_{t}, u_{x}),$ $k$ $k\geq 5$ , $\mu$
$0<\mu<1/2$ . ,
(2.4) $E_{\epsilon}(t)= \sup_{0\leq s<t}e_{\epsilon}(s)$ , $0\leq t\leq T$
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(2.5) . , $k$ , $T$
$\epsilon$ , $C_{k}$ . ,
Klein-Gordon
(2.6) $||u(t, \cdot)||_{2}k,2+||Du(t, \cdot)||_{2}k,2$








(2.7) $(1+t)-\mu\{||u(t, \cdot)||2k,2+||Du(t, \cdot)||_{2k,2}\}\leq C_{k}(\epsilon+E_{\epsilon}(\tau)^{3})$
. $L^{\infty}-$ . ,
$v=u-(c_{1}u^{3}+c_{2}u^{2}u_{t}+c_{3}u^{2}u_{x})/2$
. , $(\square +1)v=I_{1}+I_{2}$ .
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(2.8) $I_{1}$ $=$ $-2c_{2}u(u_{t}u_{ttxtx}-uu+uu_{t})$
$-2_{C_{3}u}(ututx-uxu_{xx}+uu_{x})$ ,
(2.9) $I_{2}$ $=$ $H(u, u_{t}, u_{x})- \frac{3}{2}C1u2F-C_{2}(uu_{t}F+\frac{1}{2}u^{2}F_{t})$
$-c_{3}(uu_{xx}F+ \frac{1}{2}uF2)$
. $I_{2}$ $(u, u_{t}, u_{x’ tt}u, u_{tx}, u_{x}x)$ 4
,
(2.10) $|I_{2}(t, x)|_{\text{ }}\leq C_{k}|u(t, x)|_{1k/2]}^{3}+2(|u(t, X)|k+|Du(t, x)|_{k+}1)$
. Il 3 , . $(\square +1)u=$
$F$ ,
(2.11) $u_{t}u_{tt}-u_{x}u_{tx}+uu_{t}=u_{tx}u_{xx}-uu_{tx}+u_{t}F$




(2.13) $Q(U,V)=(U_{t}(Z_{1}V)-(Z_{1}U)V_{t})/t$ , ( $t\neq 0$ )
(2.14) $Q(U,V)=((Z_{1}U)V_{x}-Ux(z1V))/x$ , ( $x\neq 0$ )
.
$Z^{\alpha}Q(U, V)= \sum_{=|\beta|+|\gamma||\alpha|}C^{\alpha},Q(z^{\beta}U, z^{\gamma}V\beta\gamma)$
174




([9], [1]; [5], [6] ). , [4], [2] Klein-
Gordon $L^{\infty}$ ,
(2.16) $(1+t+|x|)1/2|v(t, X)|_{k+1}$
$\leq C_{k}(\epsilon+\sum_{j=0}^{\infty}\sup_{0\mathcal{T}\in[,t]\cap\Omega \mathrm{j}}||(1+\mathcal{T}+|\cdot|)|(I1+I_{2})(_{\mathcal{T}}, \cdot)|k+4||_{L}2)$
. \Omega o $=[0,2],$ $\Omega_{j}=[2^{j-1j+1},2](j\geq 1)$ . $k\geq 5$
, $[(k+4)/2]+2\leq k+1,$ $k+4\leq 2k$
, (2.10), (2.15)
$||(1+\tau+|\cdot|).|(I1+I_{2})(_{\mathcal{T}}, \cdot)|_{k}+.4||L2\leq C_{k}(1+\tau)-1/2E_{\epsilon}(T)^{3},0\leq\tau<T$
. $\sum_{j=0\tau\in 1]\Omega}^{\infty}\sup(10,t\cap \mathrm{j}+\tau)^{-1/2}<+\infty$ , ,









$0\leq t<T$ . $\mu<1/2$ , (2.17)
(2.18) $(1+t+|x|)1/2|u(t, x)|_{k+}1\leq C_{k},(\epsilon+E_{\epsilon}^{3}(T))$
. (2.7) (2.18) (2.5) .
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